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ABSTRACT 

PROBLEM TO BE SOLVED: To provide an organic electroluminescent element that 
resolves the problem of doping concentration or uniformity of the 
fluorescent pigment which is a guest material of luminous layer, and has a 
high brightness and a high reliability enabling a stable property. 

SOLUTION: An electrode for positive electrode 2, a hole transport layer 3, 
a luminous layer 4, an electron transport layer 5, and a negative electrode 
6 are laminated sequentially. The luminous layer 4 is made of a pair of 
laminate structures of a carrier transport material layer 4a and an 
ultra-thin film 4b of organic fluorescent material (fluorescent pigment) 
and the resultant laminate structure is formed of plural pairs of the 
laminate structures. 
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(54) [Title of the Invention] ORGANIC EL DEVICE 
(57) [Abstract] 

[Problem] To provide an organic EL device that solves a problem 
of doping concentration or uniformity of a fluorescent dye 
which is a guest material of a light-emitting layer and has 
an enhanced high brightness and, also, a high reliability 
capable of obtaining a stable property. 

[Means for Resolution] An anodic electrode 2, a hole transport 
layer 3, a light -emitting layer 4, an electron transport layer 
5 and a cathode 6 are sequentially laminated on a substrate 
1. The light-emitting layer 4 has a plurality of sets of 
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laminate structures each formed of a carrier transport material 
layer 4a and an ultra-thin film layer 4b of an organic 
fluorescent material (fluorescent dye). 

[Claims] 
[Claim 1] 

An organic EL device, comprising at least an anodic 
electrode, a light-emitting layer and a cathode, wherein the 
light -emitting layer is formed of a repetition structure in 
which two or more sets of laminate structures each formed of 
an ultra- thin film layer of an organic fluorescent material 
and a carrier transport material layer are repeated. 
[Claim 2] 

The organic EL device according to Claim 1 , wherein the 
repetition structures of the two or more sets is formed such 
that a light -emission wavelength by the set of the ultra- thin 
film layer and the carrier transport material layer has two 
or more different light -emission wavelengths. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Belongs] 

The present invention relates to an organic EL device 
which utilizes electroluminescence (EL) of an organic material 
and, particularly, to an organic El device which has a high 
brightness and a high light -emission efficiency or an organic 
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EL device which has a wide light-emission wavelength region 
and can precisely realize a desired light-emission color of 
mixed color. 
[0002] 
[Prior Art] 

An EL device which uses an organic substance has been 
developed as a light -emission type display device of low cost. 
A conventional organic EL device has a structure as shown in, 
for example, FIG. 3. Namely, in FIG. 3, it is formed by 
providing an anodic electrode 32 made of, for example, ITO on 
a transparent substrate 31 such as glass and, then, providing 
an organic layer 37 made of, for example, a hole transport layer 
33, a light-emitting layer 34 and an electron transport layer 
35 and, further, a cathodlc electrode made of a metal having 
a small work function such as Mg, Li or Ca on the thus -provided 
anodic electrode 32. 
[0003] 

Each layer of the organic layer 37, as an example of a 
constitutional diagram of a film-forming device thereof being 
shown in FIG. 4, is formed on a surface of the substrate as 
a film by setting crucibles 4 2 and 43 which each contain a 
material for forming a film opposite to the substrate 31 which 
is fixed in a chamber 41 and, then, evaporating a necessary 
material while controlling a temperature of each of the 
crucibles and a shutter (not shown) arranged facing the 
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crucibles. The light-emitting layer 34 is formed by doping 
a fluorescent dye 34b as a guest material into a host material 
comprising a carrier transport material layer 34a in an amount 
of from about 0.5 to 1% by mol. For this account, as shown 
in FIG. 4, both of such materials as described below are 
simultaneously evaporated from both of the crucible 42 which 
contains a light -emitting material and the crucible 43 contains 
a fluorescent dye and. then, co-deposited and, accordingly, 
the guest material is doped in the host material, to thereby 
form a film. 
[0004] 

Further, such organic EL light -emitting devices as 
described above each emit light having a wavelength in 
correspondence to the light -emitting material and the 
fluorescent dye to be doped and a wavelength range is as narrow 
as about 100 nm or less in terms of half bandwidth. For this 
reason, when light emission in a wider wavelength region is 
desired, it is necessary to dope two or more types of 
fluorescent dyes having different light -emission wavelengths 
from one another into the light -emitting material layer 34a. 
[0005] 

[Problems that the Invention is to Solve] 

As described above, the light -emitting layer of the 
conventional organic EL device is formed by doping the 
fluorescent dye of the guest material while designating the 
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light -emitting material as the host material. However, in the 
organic EL device as produced in such a manner as described 
above, since a light -emission property thereof is extremely 
sensitive to a doping concentration of the fluorescent dye, 
It becomes necessary to precisely control a flux ratio 
(material cost to be provided, namely, rate ratio of 
vapor-deposition) between the light-emitting material and the 
fluorescent material. Particularly, an amount of a dopant is 
from 0.5 to 1% by mol which is extremely small against the host 
material. When the amount thereof is unduly large, a 
phenomenon called as concentration quenching appears and, then, 
brightness is deteriorated. Therefore, such control of doping 
as described above is extremely important. However, when two 
types of materials are simultaneously evaporated, one material 
is adhered to an inner wall of the chamber and, owing to a 
phenomenon of cross -contamination to be caused by a 
re -evaporation and the like, a concentration thereof can not 
fully be controlled and, particularly, because of multi-color 
light -emission, it is almost impossible to dope two or more 
types of dopants while controlling an amount of each of the 
dopants; therefore, there is a problem in that deterioration 
of properties is likely to occur. 
[0006] 

Further, as in the light-emitting layer in which the 
guest material is doped, when two or more types of materials 
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are simultaneously evaporated and vapor- deposited, both 
materials do not uniformly deposited and same materials are 
adhered to each other to generate agglomerates; therefore, 
there is a problem in that deterioration of luminous efficiency 
is likely to occur. 
[0007] 

Further, in light emission by doping, a light-emission 
color Inherent to a doping material can be obtained by changing 
various types of doping materials from one another. However, 
because of energy transfer, a change to a shorter wavelength 
side than the wavelength inherence to the material in the 
light -emitting layer can not be performed and, accordingly, 
even when a number of types of doping materials are mixed, a 
desired light -emission color is not always obtained. 
[0008] 

The present invention has been made to solve these 
problems and has an object to provide an organic EL device that 
solves a problem of doping concentration or uniformity of a 
fluorescent dye which is a guest material of a light -emitting 
layer and has an enhanced high brightness and, also, a high 
reliability capable of obtaining a stable property - 
[0009] 

Another object of the present invention is to provide 
an organic EL device which has a structure capable of obtaining 
the organic EL device which emits light of a plurality of colors 
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having a wide light -emission wavelength band area under a good 

control . 

[0010] 

[Means for Solving the Problems] 

An organic EL device according to the present invention 
comprises at least an anodic electrode, a light -emitting layer 
and a cathode , and the light -emitting layer is formed of a 
repetition structure in which two or more sets of laminate 
structures each formed of an ultra-thin film layer of an organic 
fluorescent material and a carrier transport material layer 
are repeated. 
[0011] 

The term "ultra- thin film layer" as used herein means 
thickness which is sufficient to constitute a monomolecular 
(monoatomic) layer and, particularly, a thickness of about one 
tenth of several nm or less. Further, the term "carrier 
transport material layer" as used herein means a layer made 
of a material which is a same material as that to be used in 
an electron transport layer, a hole transport layer or the like 
and capable of transporting carrier (electron or hole). 
[0012] 

More specifically, an anodic electrode, a hole transport 
layer, a light -emitting layer, an electron transport layer and 
a cathode are contained, and the light -emitting layer is formed 
by a laminate structure of an ultra- thin film layer of an 
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organic fluorescent material and, for example, an electron 

transport layer. 

[0013] 

By taking such structure as described above, since the 
light -emitting layer is not of a structure in which a guest 
material is doped in a host material, it is not necessary to 
control a doping concentration which is hard to be controlled 
to be consistent and, since it suffices to control only 
thickness, a control can very easily be performed. Further, 
since two types of materials are not simultaneously 
vapor- deposited, not only an interaction does not occur 
therebetween before forming a film, but also a phenomenon of 
cross -contamination does not occur. Still further, as for 
doping styles, when an amount of the dopant is unduly large, 
an optical quenching phenomenon appears ; however. In this case, 
since a structure in which the ultra- thin film layer is 
interposed by the carrier transport material layer is repeated, 
brightness can be enhanced as a whole without causing the 
optical quenching phenomenon while allowing a light -emitting 
portion to be sufficiently large. 
[0014] 

By forming the repetition structures of the two or more 
sets is formed such that a light -emission wavelength by the 
set of the ultra- thin film layer and the carrier transport 
material layer has at least two different light-emission 
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wavelengths, It becomes possible to emit light having several 
types of wavelengths and, then, not only a light -emission 
wavelength region is expanded, but also light having a desired 
mixed- color can be emitted. 
[0015] 

[Mode for Carrying Out the Invention] 

Next, the organic EL device according to the present 
invention is described with reference to the accompanying 
drawings. In the organic EL device according to the present 
invention, as a cross -sectional explanatory diagram of an 
embodiment thereof being shown in FIG. 1, for example, an anodic 
electrode 2, a hole transport layer 3, a light-emitting layer 
4, an electron transport layer 5 and a cathode 6 are 
sequentially laminated on a substrate. The light -emit ting 
layer 4 comprises a plurality of sets of laminate structures 
each formed of a carrier transport material layer 4a and an 
ultra-thin film layer 4b of an organic fluorescent material 
(fluorescent dye), and the laminate structure is, as shown In 
FIG. Kb). 
[0016] 

Namely, the present invention is characterized in that 
the light -emitting layer 4 is constituted not by doping a 
fluorescent dye into the light -emitting material layer, but 
by a laminate structure of the carrier transport material layer 
4a and the ultra- thin film layer 4b of an organic fluorescent 
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material. The carrier transport material layer 4a is selected 
In accordance with light -emission wavelength. For example, 
as a blue light -emitting material, a material of DSA type or 
the like is used and, as a green light-emitting material, Alq 
or the like is used. Also, as described above, the carrier 
transport material layer 4a may sometimes be continuously 
formed as a film by using a same material as that in the electron 
transport layer 5. As the fluorescent dye which is the 
ultra-fine film layer 4b, a same material as the guest material 
of the conventional doping type light-emitting device can be 
used and, for example, coumarln, guinacrldone or rubrene can 
be used. In a same manner as being used as the doping material, 
this ultra -thin film layer 4b obtains light emission from the 
fluorescent material by allowing energy transfer from a 
recombination state (excited state) to be performed on the 
fluorescent material and, accordingly, can obtain a 
light-emssion color inherent to the fluorescent material, to 
thereby enhance a device property. As for a specific example, 
a laminate structure of 0*1 nm of the ultra-thin film layer 
4b made of coumarln C545T and 10 nm of the carrier transport 
material layer 4a made of Alq can be prepared and, for example, 
about 5 sets thereof can be laminated. 
[0017] 

The substrate 1 can also use a light- transmitting 
substrate such as a glass substrate and, by using a 
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semiconductor substrate such as a silicon substrate, an on-off 
control circuit or the like of an organic EL device formed in 
a matrix state can be arranged on the substrate. 

[0018] 

As for the anodic electrode 2, when light is emitted from 
a side of the substrate 1 by using the glass substrate as the 
substrate 1, it is necessary to use a transparent substrate 
and, on this occasion, ITO (Indium Tin Oxide), indium oxide 
or the like to be provided on the substrate 1 by 
vapor- deposition or the like can be used. However, from the 
standpoint of a hole injection property, a metal having a large 
work function such as Au or Ni can be used* 
[0019] 

In order to enhance a hole injection property into the 
EL light-emitting layer 4, it is ordinarily required that the 
hole transport layer 3 has a relatively small ionization energy 
and can seal an electron in the EL light-emitting layer 4, and 
an amine type material is used. Further, although not shown, 
a hole injection layer may be provided between the hole 
transport layer 3 and the anodic electrode 2 , to thereby further 
enhance an injection property of the carrier into the hole 
transport layer 3. Also in this case, in order to enhance the 
hole injection property of the hole from the anodic electrode 
2, a material having a small ionization energy is used and as 
for a representative example thereof, an amine type or a 
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phthalocyanine type material is used. In an example as shown 
in FIG. 1, NPB is provided in a thickness of 60 nm as the hole 
transport layer 3. 
[0020] 

The electron transport layer 5 is provided for the 
purpose of enhancing an injection property of an electron from 
the cathodic electrode 6 and, in an example as shown in FIG. 
1, Alq is provided in a thickness of 25 nm. When this layer 
becomes unduly thick, light emission is performed not in the 
light-emitting layer but in this layer; therefore, this layer 
is not allowed to be too thick. When a gap between the electron 
transport layer 5 and the cathodic electrode 6 is large, in 
a same manner as in the side of the hole, an electron injection 
layer 6a made of LiF or the like is provided. 
[0021] 

In order to enhance the electron injection property, a 
metal having a small work function is used in the anodic 
electrode 6. As for representative examples, Mg, Li, Ca type 
and the like are used. In order to stabilize these metals 
preventing, for example, oxidation thereof, these metals are 
made into alloys with other metals in many cases, and, in an 
example as shown in FIG. 1, an Al layer is formed as a film 
in a thickness of 110 nm via an LIF layer 6a, to thereby form 
the anodic electrode 6. 
[0022] 
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In order to produce this EL device, firstly, a glass plate 
1 having ITO ±n which an ITO film is provided in a thickness 

of about 0.2 fiin is subjected to an oxygen plasma treatment, 
to thereby activate a surface thereof. Next, by a vacuum 
deposition method, about 5 sets each comprising about 60 nm 
of the hole transport layer 3 made of NPB, about 0.1 nm of the 
ultra-thin film layer 4b made of coumarln C545T and about 10 
nm of the carrier transport material layer 4a made of Alg, 
further about 25 nm of the electron transport layer 5 made of 
Alg and about 0.5 nm of the electron Injection layer 6a made 
of LiF are sequentially laminated. Then, in a vacuum 
vapor- deposition apparatus, by forming a film of about 110 nm 
of the cathodic electrode 6 made of Al, an organic EL device 
having a structure as shown in FIG. 1 can be obtained. 
[0023] 

According to the organic EL device of the present 
invention, since the light -emitting layer is formed not by 
doping of the fluorescent material, but by a laminate structure 
of the carrier transport material layer and the ultra -thin film 
layer of a fluorescent material, it is not necessary to conduct 
a difficult control as is seen in a control of the doping 
concentration and it suffices to control only thickness of the 
ultra- thin film layer. Further, it is not necessary to 
simultaneously evaporate two or more types of materials and, 
accordingly, not only an interaction does not occur between 
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these materials , but also a problem of cross-contamination does 
not occur. For this account, a given amount of fluorescent 
material can be introduced in the light -emit ting layer and, 
accordingly, the organic EL device having a stable high 
light -emission property can be obtained* 
[0024] 

FIG . 2(a) is an explanatory diagram of another embodiment 
of the present invention. This embodiment is an example in 
which all of the sets each comprising the carrier transport 
material layer and the ultra- thin film layer made of the 
fluorescent material are not formed by a same material but sets 
having different wavelengths from one another are laminated. 
Namely, In FIG. 2(a), the light -emitting layer 4 is in a 
laminate structure in which a green light -emitting portion 
comprising 5 sets each comprising about 0 . 1 nm of the ultra-thin 
film layer 4b made of coumarin C545T in the above -described 
example and about 10 nm of the carrier transport material layer 
4a made of Alq and a red light -emitting portion comprising one 
set comprising about 0.1 nm of the ultra-thin film layer 4c 
made of DCJTB and about 10 nm of the carrier transport material 
layer 4a made of Alq are laminated with each other. Further, 
the light -emitting layer 4 is in such a structure as is 
sandwiched by the electron transport layer 5 made of Alq and 
having a thickness of about 45 nm and the hole transport layer 
3 made of NPB and having a thickness of about 60 nm and, then, 
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electrodes (not shown) are provided at both end portions in 

a same manner as in the above -described example. 

[0025] 

By taking such structure as described above, as an EL 
spectrum being shown in FIG - 2(b), there are light-emission 
peaks not only in a green portion at around 530 nm but also 
in a red portion at around 650 nm and, accordingly, yellow 
light -emission which is a mixed color thereof is exhibited. 
Further, the reason why a green light -emit ting portion is 
formed by 5 sets of laminate structures and a red light -emitting 
portion is formed by one set of laminate structure is that, 
since energy is lower in red color, the energy is likely to 
be transferred thereto. As described above, the laminate 
structures can arbitrarily be combined with one another in 
accordance with a desired color and, then, light emission of 
the desired color can be performed under a far better control 
than that in a case in which different types of dopants are 
doped in one layer. 
[0026] 

Further, in the above -described example, although the 
light -emission color was changed by changing only the 
fluorescent material, the light-emission color can be changed 
by changing the carrier transport material layer and, then, 
light of the light -emission color which is closer to the desired 
color can be emitted. 
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[0027] 

[Advantage of the Invention] 

According to the present invention, since introduction 
of the fluorescent material to the light -emitting layer is 
performed by the introduction into the ultra- thin film layer, 
the introduction can be performed with a stable amount thereof 
and, also, since it is possible to conduct a flux control at 
the time of film- forming by controlling only one type of 
material, the flux control at a production stage is extremely 
facilitated. Further, a decrease of the yield to be caused 
by the cross-contamination is prevented and, while realizing 
a substantial reduction of production cost, the organic EL 
device having an enhanced property can be obtained. 
[0028] 

Still further, the organic EL device which emits light 
having a wide spectrum can extremely easily be produced under 
a good control such that a light -emission color comes to be 
a desired color. 

[Brief Description of the Drawings] 

[FIG. 1] It is a cross-sectional explanatory diagram of one 
embodiment of an organic EL device according to the present 
invention. 

[FIG. 2] It is a cross-sectional explanatory diagram of 
another embodiment of an organic EL device according to the 
present invention and an EL spectrum thereof . 
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[FIG- 3] It Is a cross-sectional explanatory diagram of a 
conventional organic EL device. 

[FIG. 4] It Is an explanatory diagram showing a conceptual 
diagram of an apparatus which forms a doping type 
light -emitting layer of a conventional organic EL device. 
[Description of Reference Numerals and Signs] 

1. anodic electrode 

2 . hole transport layer 

3. light -emitting layer 

4a. carrier transport material layer 

4b. ultra- thin film layer (fluorescent material) 

5. electron transport layer 

6 . cathodic electrode 
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